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Specification 

1. Title of the Invention 

HYPERTHERMIA APPARATUS 

2. Scope of Claims for Patent 

1. A hyperthermia apparatus for giving heat treatment by an 
electromagnetic wave to a living body, comprising* 

a pair of heating coils disposed substantially in a same plane in such 
a manner as to interpose the living body therebetween; 

means for supplying high-frequency power to the coils; and 
means for cooling a surface of the living body. 

2. The hyperthermia apparatus according to claim 1, further 
comprising a plurality of auxiliary coils for magnetic field change to which 
high-frequency power is supplied, the auxiliary coils for magnetic field 
change being disposed in a same plane as the pair of heating coils. 

3. The hyperthermia apparatus according to claim 1, wherein the 
heating coils are arched. 

4. The hyperthermia apparatus according to claim 1, wherein the 
pair of heating coils has an identical shape. 

5. The hyperthermia apparatus according to claim 1, wherein the 
pair of heating coils each has a different shape. 

6. The hyperthermia apparatus according to claim 1 or 2, wherein a 
supplied high frequency ranges from 1 to 100 MHz. 

7. The hyperthermia apparatus according to claim 1, wherein 
means for supplying high-frequency power supplies power evenly to the pair 
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of heating coils. 

8. The hyperthermia apparatus according to claim 1, wherein the 
means for supplying high-frequency power is capable of changing a rate of 
supply power to the pair of heating coils. 

9. The hyperthermia apparatus according to claim 1, wherein the 
means for supplying high-frequency power is capable of changing all power. 

10. The hyperthermia apparatus according to claim 1, wherein the 
cooling means is a pad for circulating cooling water placed between the 
heating coils and the living body. 

11. The hyperthermia apparatus according to claim 1, wherein the 
cooling means is space opened between the heating coils and the living body 
so as to allow air to pass through. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention relates to a hyperthermia apparatus for 
treating a tumor by heating a living body using electromagnetic waves. 

[Technical Background of the Invention and its Problems] 

Regarding treatment methods for malignant neoplasms, or so-called 
cancers, multidisciplinary therapies such as surgical therapy, chemotherapy, 
radiation therapy and immunotherapy have conventionally been performed. 
In addition to these treatment methods, recent interest has focused on 
hyperthermia (ther mother apy). This treatment method performs 
treatment by heating utilizing the fact that the lethal temperature of a 
tumor cell is lower than that of a normal cell. This is a noninvasive method, 
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and therefore is considered to be very effective for treatment for the 
unresectable focus. There are many kinds of heating methods of 
hyperthermia. For example, there is microwave heating using a 
high-frequency electromagnetic field of several hundreds of megahertz or 
more. The principle of the heating is Joule heating due to the resistance 
loss in a living body. In general, the higher the frequency is, the more the 
depth reaching performance of an electromagnetic wave deteriorates. At a 
high frequency such as a microwave, a heating area is restricted to the 
immediate vicinity of an applicator. Accordingly, the object tumor is a 
superficial one close to the body surface. 

The method using a low-frequency radio frequency (from several 
megahertz to several tens of megahertz) includes two kinds? dielectric 
heating and inductive heating. As shown in Fig. 9, dielectric heating is a 
method of interposing a living body between two (or more) electrodes and 
heating it using Joule heat of a current flowing between the electrodes. 
With this method, a current flows across fat, which has low conductivity, and 
therefore the temperature rise in a fat portion is remarkable to restrict 
incident power. Further, a current diffuses and flows inside the body. It is 
therefore difficult to raise the temperature in the depth inside the body. On 
the other hand, inductive heating is a method of adding an alternating field 
into a living body and heating it using an eddy current induced by the 
addition. Its conventional examples include two kinds of methods as shown 
in Figs. 10 and 11. With a method of putting a living body in a coil as shown 
in Fig. 10, a magnetic flux penetrates to a relatively deep portion of the living 
body. However, a large amount of eddy current flows near the body surface, 
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and therefore it is also difficult to heat a portion in the depth. Fig. 12 shows 
the magnetic flux distribution and the heating energy distribution in the 
case of winding a coil around a uniform cylinder and heating , as the simplest 
case. The horizontal axis indicates the distance from the center. It is 
shown that the heating energy is proportional to the square of the distance 
from the center, and the temperature rise is remarkable in the periphery. 
With a method of placing a coil in parallel to the body surface as shown in Fig. 
11, a magnetic flux does not deeply penetrate into the living body, and 
therefore the body surface is intensively heated. As an idea of locally 
heating the deep portion inside the body using the principle of inductive 
heating, a method in which a cylindrical high temperature area 131 is 
created by producing beam-shaped magnetic fields in the opposite directions, 
and only part of the body is heated by rotating the position of the coil not to 
miss the object area is proposed (Terutaka Ueno et al., The Institute of 
Electrical Engineers of Japan, Magnetics workshop, document MAG-85-38, 
1985). 

However, it is technically difficult to produce beam- shaped magnetic 
fields in the opposite directions in close vicinity to each other, and further the 
operation becomes very complicated because a coil outside the body needs to 
rotate and scan the object (cancer). 

As described above, many hyperthermia apparatuses are 
conceivable; however, any one of them is restricted to treatment for 
superficial tumors in the vicinity of an applicator. However, tumors that 
are currently problematic because of their high mortality rates are deep 
organ cancers such as a liver cancer and a lung cancer. Development of a 
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hyperthermia apparatus capable of effectively heating them is desired. 
[Object of the Invention] 

An object of the present invention is to provide a hyperthermia 
apparatus capable of heating a portion in the depth inside the body. 

[Summary of the Invention] 

To achieve the foregoing object of the invention, two coils for 
inductive heating of a living body are disposed such that faces formed by the 
coils are positioned substantially in the same plane, a living body is 
interposed between them, and high-frequency currents in opposite directions 
are supplied to the coils. At this point, power supplied to the two coils can 
be independently varied. Also, a plurality of auxiliary coils for magnetic 
field change may be placed in the vicinity of the foregoing coils. 

The principle of the invention is described referring to the drawings. 
As shown in Fig. 14, a living body 1 is interposed between two coils 141 and 
142, and when high-frequency currents are passed in the directions of the 
arrows in the drawing, the magnetic fields on the line A- A' are as shown in a 
graph positioned below in the drawing. This is obtained by 
superpositioning magnetic fields produced by each coil, and the vertical axis 
indicates the magnetic flux density downward of the page space. 

At this point, electromotive force If expressed by Maxwell's equation 
is produced inside the living body, and inductive currents are produced in the 
direction of canceling the magnetic field. 
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In this case, the produced currents are eddy currents as indicated by 
reference numerals 143 and 144 in the drawing. Heat is generated by Joule 
heat due to the eddy currents and the resistance of the living body, and 
therefore its energy distribution is proportional to the square of the current 
density. Fig. 15 shows the absorbed energy distribution calculated for a 
homogenous model. Numerals 1 to 7 represent intensities, and 1 represents 
the greatest intensity. As the numeral becomes larger, the energy becomes 
a half. As apparent from this drawing, the most heated portion is the 
vicinity of coils, but partial temperature rise is seen at the center of the 
living body (diagonal line portion). 

Qualitatively described, it is considered that this is because eddy 
currents in the opposite directions produced on both sides are superposed at 
the center to increase the current density. 

Accordingly, it is considered to be possible to selectively heat a part 
inside the living body by cooling high temperature portions in the vicinity of 
the coils. The current density inside the living body can be controlled by the 
magnetic field. By deforming the magnetic field by changing the positions 
and sizes of both coils and the balance between the currents, and placing 
other auxiliary coils, the positions of heated portions can be changed and 
temperature rise in the vicinity of coils can be suppressed. 
[Effects of the Invention] 

According to the invention, unlike conventional heating, a portion 
with more absorbed energy than that in the surroundings can be made in 
any area at the depth of the living body. Heating can be effectively 
performed for deep organ cancers (such as a liver cancer and a lung cancer) 
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for which treatment effects have conventionally not been obtained. 

[Embodiments of the Invention] 

Fig. 1 shows the configuration of a hyperthermia apparatus 
according to one embodiment of the invention. A pair of coils 2 and 3 are 
disposed to sandwich a living body 1, or an object of heating. Faces formed 
by the coils at this point are disposed to be positioned substantially in the 
same plane. The coils 2 and 3 are driven by the same oscillator 6, and the 
same power is supplied to them by two amplifiers 4 and 5 that are in 
synchronization with each other. Here, a frequency on the order of 1 to 100 
MHz is used. Matching circuits (not shown) for impedance matching are 
integrated in the amplifiers 4 and 5. In the drawing, arrows on the coils 
indicate the directions of currents at some time. Now, the currents flow just 
in opposite directions. At this point, eddy currents (broken lines in the 
drawing) as described in Summary of the Invention pass through the living 
body 1, and large portions of absorbed energy are generated in diagonal line 
portions 21, 22 and 23 of Fig. 2. Here, the high temperature portions 21 
and 23 in the vicinity of the coils are not only unnecessary but also can cause 
side effects such as burns. Therefore cooling pads 7 are provided between 
the coils 2 and 3 and the living body 1 to suppress fever of body surface 
portions. 

Use of a coil 32, which is obtained by uniting the coils 2 and 3 of Fig. 
1, as a modification of the present embodiment as shown in Fig. 3 makes it 
possible to obtain the same effect as in the present embodiment, with one 
amplifier 33 and an oscillator 34. 
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With the same configuration as in the foregoing embodiment of Fig. 1, 
a power balance between two coils is varied by attenuators (not shown) 
integrated in the two amplifiers 4 and 5, so that the heating pattern in the 
living body 1 can be changed. For example, the distribution of absorbed 
energy when the output of the amplifier 4 is reduced is as shown in Fig. 4. 
The high temperature portion in the depth can be shifted to the side of the 
coil 2. 

Another embodiment of the invention is shown in Fig. 5. Unlike the 
foregoing embodiment, widths w and w' of two coils 52 and 53 are different. 
Therefore, even when amplifiers 54 and 55 for supplying power to them are 
driven by the same power, there is a difference in intensity in magnetic fields 
produced in a living body. Accordingly substantially the same absorbed 
energy distribution as shown in Fig. 4 can be obtained. Of course, this holds 
true if one side of the coil 32 of Fig. 3 is smaller. 

Another embodiment of the invention is shown in Fig. 6. In this 
embodiment, the positions of coils are disposed to be displaced toward one 
side of the living body 1. The inner power absorption distribution can 
therefore be deformed as in diagonal line portions in the drawing. This is 
considered to be suitable for depth heating of an area other than the center 
in the body. Arrangement as in Fig. 7 can be thought of as a more extreme 
example of this embodiment. 

Still another embodiment of the invention is shown in Fig. 8. In the 
present embodiment, the living body 1 is interposed between coils 81 and 82 
just as shown in Fig. 1 (an oscillator and amplifiers are not shown). In 
addition, auxiliary coils 83 and 84 for magnetic field distortion are disposed 
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between the coils 81 and 82 and a living body. The currents of coils flow in 
the directions of arrows, and the auxiliary coils 83 and 84 act to cancel 
magnetic fields caused by the coils 81 and 82 in the vicinity of the coils inside 
the living body. Thus, magnetic fluxes near the surface of the living body 
can be reduced to suppress heating of the surface. Also, the auxiliary coils 
83 and 84 can be disposed inside the coils 81 and 82. 
4. Brief Description of the Drawings 

Fig. 1 shows the configuration of one embodiment of the invention, 
Fig. 2 shows the distribution of absorbed energy of a living body in the 
embodiment, Fig. 3 shows the configuration of another embodiment of the 
invention, Fig. 4 shows the distribution of absorbed energy of a living body in 
the same embodiment, Figs. 5 to 8 each show still another embodiment of the 
invention, Figs. 9 to 13 are views each for explaining a conventional 
apparatus, and Figs. 14 and 15 are views each for explaining the principle of 
the invention. 

[Description of the Reference Numerals] 
1 living body 

2, 3, 32, 52, 53, 81, 82 heating coil 

83, 84 auxiliary coil for magnetic field change 

4, 5, 33, 54, 55 amplifier 

6, 34, 56 oscillator 
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Fig. 12 

1. MAGNETIC FLUX DENSITY 

2. ABSORBED ENERGY 

3. DISTANCE FROM CENTER 

Fig. 14 

1. MAGNETIC FIELD BY COIL 131 

2. MAGNETIC FIELD BY COIL 132 

3. MAGNETIC FLUX DENSITY DOWNWARD OF PAGE SPACE 

4. COMBINED MAGNETIC FIELD 
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Shigemi Uemori ( K^Ssen] 



From: 
Sent: 
To: 
Cc: 



Subject: 



Shigemi Uemori (Keisen) [suemon@keisenassociates.com] 
Tuesday, February 24, 2009 8:1 7 AM 

'Megumi Onose (Keisen Associates)'; 'Mariko Schon'; s Ai Hirota' 
Taro Yaguchi'; 'Yoshiyuki Sasaki 'ksekiguchi^keisenassociates.conV; 'Makoto 
Izawa (Keisen) 1 ; 'Aiko Alexander 1 ; Toyomi Ohara'; 'Hayato TAKAHASHT; 'Mayumi 
Akaki'; 'Sayuri Nishio c 

RE: Y05B066(Zjl-P*t<W- - OffilHMaffl*©^** 



TIB ZMm h *) ifi koZg^ * -to 

Shigemi U. Garbo 

mailto:suemon@keisenassociates.com 



Tokyo: 

Keisen Associates 

ichibancho Centra! Bldg., Suite #801 

22-1 ichibancho, Chiyoda, Tokyo 102-0082 

Tei:+81 -3-3230-1 244 Fax:+81~3-3230~1245 
Philadelphia: 

Omori & Yaguchi USA LLC 

Eight Penn Center, Suite #1300, 

1628 John F. Kennedy Blvd. 

Philadelphia, PA 19103, U.S.A. 

Tel: +1-215-701-6349 Fax: +1-215-751-0192 



associ ate.s* 

TOSTO • OSAKA - 



*This message (including any attachments) contains confidential information 
intended for a specific individual and purpose, and is protected by law. 
If you are not the intended recipient, you should delete this message and 
are hereby notified that any disclosure, copying, or distribution of this 
message, or the taking of any action based on it, is strictiy prohibited. 



From: Megumi Onose (Keisen Associates) [mailto:monose@keisenassociates.com] 

Sent: Tuesday, February 24, 2009 12:59 AM 

To: 'Mariko Schon'; 'Ai Hirota'; 'Shigemi Uemori (Keisen)' 

Cc: Taro Yaguchi'; 'Yoshiyuki Sasaki '; ksekiguchi@keisenassociates.com; 'Makoto Izawa (Keisen) 1 ; 'Aiko Alexander'; 
Toyomi Ohara'; 'Hayato TAKAHASHI'; 'Mayumi Akaki'; 'Sayuri Nishio' 
Subject: Y05B066(-^— P*^^ - • 0*g*6Sfiiitt»<7>zri3l# 

mmcomzm^Lx, (2/24). «»jt.tyr}Biftasatt»j*»«L^fcL*Lfc(D^, r»i^fcL*-To 

JS^38jtgi± % 2009 *F 5 25 B(j3)£&oT&y£-To 
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